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(54) SURFACE ACOUSTIC WAVE FILTER 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a surface 
acoustic wave(SAW) filter in which the flatness of an 
insertion loss within a passband is improved, as a SAW 
filter having a ladder circuit configuration. 
SOLUTION: In the SAW filter in which plural SAW 
resonators of one- terminal pair are formed on a 
piezoelectric substrate and the plural SAW resonators of 
one-terminal pair comprise serial arm resonators S1 and 
S2 and parallel arm resonators P1-P3 so that a ladder 
type circuit can be configured, interdigital width weighting 
is applied to at least two serial arm resonators S1 and 
S23 and interdigital width weighting in the serial arm 
resonator S1 is made different from interdigital width 
weighting in the serial arm resonator S2 so that the 
frequency position of ripple caused by the plural serial arm resonators S1 and S2 can be 
dispersed. 
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CLAIMS 



[Claim(s)] 

[Claim 1] It has a piezo-electric substrate and two or more 1 terminal-pair surface 
acoustic wave resonators formed on said piezo-electric substrate. Said two or 
more 1 terminal-pair surface acoustic wave resonators constitute the serial arm 
resonator and the juxtaposition arm resonator. It is the surface acoustic wave 
filter with which the ladder mold circuit is constituted by it. Two or more 
arrangement of said serial arm resonator is carried out. At least two serial arm 
resonators The surface acoustic wave filter with which it has 
INTADEJITARUTORANSUDEYUSA to which decussation width-of-face 
weighting was given, and decussation width-of-face weighting in at least one 
serial arm resonator is characterized by differing from decussation width-of-face 
weighting of other serial arm resonators. 

[Claim 2] The surface acoustic wave filter according to claim 1 characterized by 
giving said decussation width-of-face weighting to 80% or more which is the 
number of the electrode finger of INTADEJITARUTORANSUDEYUSA. 
[Claim 3] It has a piezo-electric substrate and two or more 1 terminal-pair surface 
acoustic wave resonators formed on said piezo-electric substrate. Said two or 
more 1 terminal-pair surface acoustic wave resonators constitute the serial arm 
resonator and the juxtaposition arm resonator. It is the surface acoustic wave 
filter with which the ladder mold circuit is constituted by it. Two or more 



arrangement of said serial arm resonator is carried out. At least two serial arm 
resonators It has INTADEJITARUTORANSUDEYUSA to which decussation 
width-of-face weighting was given. Said decussation width-of-face weighting is 
given to 80% or more which is the number of the electrode finger of 
INTADEJITARUTORANSUDEYUSA. The surface acoustic wave filter 
characterized by the ratio of the maximum of decussation width of face and the 
minimum value differing from the serial arm resonator to which other weighting 
was given in the serial arm resonator to which at least one weighting was given. 
[Claim 4] It has a piezo-electric substrate and two or more 1 terminal-pair surface 
acoustic wave resonators formed on said piezo-electric substrate. Said two or 
more 1 terminal-pair surface acoustic wave resonators constitute the serial arm 
resonator and the juxtaposition arm resonator. It is the surface acoustic wave 
filter with which the ladder mold circuit is constituted by it. Two or more 
arrangement of said serial arm resonator is carried out. Said at least two serial 
arm resonators It has INTADEJITARUTORANSUDEYUSA to which decussation 
width-of-face weighting was given. So that said decussation width-of-face 
weighting may be given, to 80% or more of the number of the electrode finger of 
INTADEJITARUTORANSUDEYUSA and the frequency locations of the ripple 
produced by said two or more serial arm resonators may differ mutually The 
surface acoustic wave filter characterized by the ratio of the maximum of 
decussation width efface and the minimum value in at least one serial arm 
resonator to which weighting was given differing from the ratio of the maximum of 
decussation width of face and the minimum value in other serial arm resonators 
to which weighting was given. 

[Claim 5] They are Si and Sj about two serial arm resonators of arbitration among 
said two or more serial arm resonators. When it carries out, they are each serial 
arm resonators Si and Sj to a list. They are xi and xj about the ratio of the 
maximum of decussation width of face and the minimum value which can be set. 
When it carries out, Decussation width-of-face ratio xi Decussation width-of-face 
ratio xj Serial arm resonator Si from which the absolute value of a difference 



turns into values other than zero And Sj Existing surface acoustic wave filter 
according to claim 3 or 4. 

[Claim 6] They are Si and Sj about two serial arm resonators of arbitration among 
said two or more serial arm resonators. When it carries out, they are each serial 
arm resonators Si and Sj to a list. They are xi and xj about the ratio of the 
maximum of decussation width of face and the minimum value which can be set. 
When it carries out, Decussation width-of-face ratio xi Decussation width-of-face 
ratio xj Serial arm resonator Si from which the absolute value of a difference 
turns into 0.1 or more values And Sj Existing surface acoustic wave filter 
according to claim 5. 

[Claim 7] They are Si and Sj about two serial arm resonators of arbitration among 
said two or more serial arm resonators. When it carries out, they are each serial 
arm resonators Si and Sj to a list. They are xi and xj about the ratio of the 
maximum of decussation width of face and the minimum value which can be set. 
When it carries out, Decussation width-of-face ratio xi Decussation width-of-face 
ratio xj Serial arm resonator Si from which the absolute value of a difference 
turns into 0.2 or more values And Sj ****** **, surface acoustic wave filter 
according to claim 6. 

[Claim 8] The antenna common machine characterized by using a surface 
acoustic wave filter according to claim 1 to 7. 

[Claim 9] The transmitter characterized by having an antenna common machine 
according to claim 8. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the surface acoustic wave filter of 
the ladder mold connected so that two or more 1 terminal-pair surface acoustic 
wave resonators might constitute a ladder mold circuit especially about the 
surface acoustic wave filter used as a band-pass filter for example, in mobile 
communication system etc. 
[0002] 

[Description of the Prior Art] Conventionally, various surface acoustic wave filters 
are proposed as a band-pass filter. For example, the surface acoustic wave filter 
which has ladder mold circuitry is indicated by JP, 56-1 9765, B and JP,9- 
246911, A. 

[0003] Drawing 16 is drawing showing the fundamental circuitry of a ladder mold 
surface acoustic wave filter. As shown in drawing 16 , the signal line prolonged 
between an input terminal 101 and an output terminal (not shown) constitutes the 
serial arm from this surface acoustic wave filter, and at least one serial arm 
resonator 102 is connected to this serial arm. 

[0004] Moreover, the signal line which constitutes a juxtaposition arm is 
connected between the above-mentioned serial arm and ground potential, and 
the juxtaposition arm resonator 103 is connected to this juxtaposition arm. The 
above-mentioned serial arm resonator 102 and the juxtaposition arm resonator 
103 are constituted by the 1 terminal-pair surface acoustic wave resonator, 
respectively. 

[0005] Although one step of circuitry is shown, two or more steps of ladder mold 
circuits usually consist of drawing 16 . A top Norikazu terminal pair surface 



acoustic wave resonator usually has INTADEJITARUTORANSUDEYUSA (IDT) 
arranged in the center of the surface-wave propagation direction, and the 
reflector arranged at the surface-wave propagation direction both sides of IDT. 
[0006] In addition, drawing 17 is drawing showing an example of the filter shape 
of a surface acoustic wave filter which has conventional ladder mold circuitry. 
The surface acoustic wave filter which has the above ladder mold circuitry is 
indicated by JP, 56-19765, B. Since it is low loss and a broadband, this surface 
acoustic wave filter is suitably used as band-pass filters, such as a cellular phone. 
[0007] By the way, IDT is constituted from the above-mentioned surface acoustic 
wave filter by the sinking comb electrode of the pair arranged so that a mutual 
electrode finger may put each other in between, and it set constant the 
decussation width of face of this electrode finger in IDT. That is, IDT of a 1 
terminal-pair surface acoustic wave resonator was usually used as the normal 
mold IDT. 

[0008] At the surface acoustic wave resonator which has the normal mold IDT, 
since electrode finger decussation width of face is fixed as mentioned above, not 
only the surface acoustic wave of the basic mode which it is going to use but the 
surface acoustic wave of the higher mode is excited by a certain amount of 
strength. Generally, the phase velocity of the surface acoustic wave of the higher 
mode is quicker than the phase velocity of the surface acoustic wave of a basic 
mode, therefore the resonance based on the surface acoustic wave of the above- 
mentioned higher mode appears as subresonance in a high-frequency side more 
to the resonance based on the surface acoustic wave of a basic mode. 
[0009] Therefore, in the filter shape of the resonator mold surface acoustic wave 
filter with which resonance of the above-mentioned higher mode has the above- 
mentioned ladder mold circuitry, it appeared in the shoulder of a passband as a 
small ripple, and the problem that the insertion loss in a passband increased was 
in it. 

[0010] In addition, all the decussation width of face of the electrode finger which 
constitutes IDT says an equal in the above-mentioned normal mold IDT. On the 



other hand, conventionally, the decussation width of face of each electrode finger 
of IDT which constitutes the surface acoustic wave resonator is changed based 
on a fixed regulation, and the configuration which gave weighting is known. Such 
a weighting approach is called the APODAIZU approach. Moreover, IDT to which 
such weighting was given is also called APODAIZU electrode. The APODAIZU 
method is conventionally learned as an approach of controlling the wave motion 
of the higher mode. 

[001 1] On the other hand, the surface acoustic wave filter which has ladder mold 
circuitry using the above-mentioned APODAIZU electrode is indicated by JP,9- 
24691 1 ,A. Here, it is pointed out that an APODAIZU electrode is effective in 
control of the higher mode. And the surface acoustic wave resonator which has 
IDT by which weighting was carried out to this advanced technology with the 
configuration of a publication according to the APODAIZU method is used as a 
juxtaposition arm resonator or a serial arm resonator. Moreover, weighting is 
performed by the APODAIZU method to 50% or more of the number of the 
electrode finger of a juxtaposition arm resonator, and the configuration which 
gave weighting by the APODAIZU method to 30 - 80% of the electrode finger 
number of a serial arm Resonator is shown. 

[0012] Furthermore, weighting of either a juxtaposition arm resonator or a serial 
arm resonator is carried out to this advanced technology by the APODAIZU 
method, and the structure constituted from a SAW resonator which has the 
normal mold IDT is also proposed about another side. 
[0013] With this advanced technology, by giving weighting at an above- 
mentioned specific rate by the APODAIZU method, generating of the wave 
motion of the surface acoustic wave of the higher mode leading to the ripple in a 
passband of a transmission characteristic can be controlled, and it is indicated 
that a good transmission characteristic is acquired. 

[0014] In addition, by the approach given in JP,9-24691 1 ,A, the purport which 
gives weighting is indicated at 30 - 80% of the logarithm of the electrode finger of 
the IDT electrode of a serial arm resonator, and at 30% or less, effectiveness is 



small, and by 80% or more, since a new ripple occurs in a passband, it is 

indicated by it here that loss gets worse. 

[0015] 

[Problem(s) to be Solved by the Invention] As mentioned above, with the surface 
acoustic wave filter which has conventional ladder mold circuitry of a publication 
in JP,56-19765,B, the ripple resulting from the higher mode occurred on the both 
shoulders of a passband, and bandwidth decreased, and there was a problem 
that an insertion loss got worse. 

[0016] On the other hand, the ripple of the higher mode is controlled by the 
above-mentioned weighting with a surface acoustic wave filter given in JP,9- 
24691 1 ,A. However, although the ripple of the higher mode is controlled, it 
becomes [ whether the minimum insertion loss in a passband hardly changes, 
and ] rather. 

[0017] Loss is not only small, but in the band-pass filter used for a cellular phone 
etc., it is strongly required in a passband that the muximum departure of the loss 
in a band should be small. Therefore, an ideal band-pass filter is a filter with the 
uniform loss in the whole passband. 

[0018] With a surface acoustic wave filter given in JP,9-24691 1 ,A, since the 
ripple of the higher mode may be controlled as mentioned above, as for the loss 
in breadth and a band, bandwidth is improved. However, whether the minimum 
insertion loss changes and since it became small rather, the deflection of the loss 
in a band did not become small conversely. 

[0019] The purpose of this invention can cancel the fault of the conventional 
technique mentioned above, can control the ripple resulting from the higher mode, 
and is to offer a surface acoustic wave filter with the small deflection of the loss in 
a passband for bandwidth not only has extended, but. 
[0020] 

[Means for Solving the Problem] As a result of inquiring that the above- 
mentioned technical problem should be attained, when devising weighting by the 
APODAIZU method, an invention-in-this-application person finds out it not only 



can extend bandwidth, but that it controls the ripple resulting from the higher 
mode, and can reduce the deflection of the loss in a passband, and came to 
make this invention. 

[0021] That is, with the configuration given in JP, 9-24691 1, A, in order to control 
the ripple resulting from the higher mode which appears at the high region side of 
a passband, weighting by the APODAIZU method is optimized. On the other 
hand, in this invention, reduction of the deflection of the loss in a passband is 
achieved by generating a ripple intentionally in a passband and optimizing the 
frequency of the ripple of a parenthesis by the APODAIZU method. 
[0022] Namely, invention of the 1st of this application is equipped with a piezo- 
electric substrate and two or more 1 terminal-pair surface acoustic wave 
resonators formed on said piezo-electric substrate. Said two or more 1 terminal- 
pair surface acoustic wave resonators constitute the serial arm resonator and the 
juxtaposition arm resonator. It is the surface acoustic wave filter with which the 
ladder mold circuit is constituted by it. Two or more arrangement of said serial 
arm resonator is carried out. At least two serial arm resonators So that it may 
have INTADEJITARUTORANSUDEYUSA to which decussation width-of-face 
weighting was given and the frequency location of the ripple produced by two or 
more serial arm resonators may be distributed Decussation width-of-face 
weighting in at least one serial arm resonator is characterized by differing from 
decussation width-of-face weighting of other serial arm resonators. 
[0023] On the specific aspect of affairs of invention of the 1st of this application, 
the above-mentioned decussation width-of-face weighting is given to 80% or 
more which is the number of the electrode finger of 

INTADEJITARUTORANSUDEYUSA. Invention of the 2nd of this application is 
equipped with a piezo-electric substrate and two or more 1 terminal-pair surface 
acoustic wave resonators formed on said piezo-electric substrate. Said two or 
more 1 terminal-pair surface acoustic wave resonators constitute the serial arm 
resonator and the juxtaposition arm resonator. It is the surface acoustic wave 
filter with which the ladder mold circuit is constituted by it. Two or more 



arrangement of said serial arm resonator is carried out. At least two serial arm 
resonators It has INTADEJITARUTORANSUDEYUSA to which decussation 
width-of-face weighting was given. Said decussation width-of-face weighting is 
given to 80% or more which is the number of the electrode finger of 
INTADEJITARUTORANSUDEYUSA. It is characterized by the ratio of the 
maximum of decussation width of face and the minimum value differing from the 
serial arm resonator to which other weighting was given in the serial arm 
resonator to which at least one weighting was given. 

[0024] Invention of the 3rd of this application is equipped with a piezo-electric 
substrate and two or more 1 terminal-pair surface acoustic wave resonators 
formed on said piezo-electric substrate. Said two or more 1 terminal-pair surface 
acoustic wave resonators constitute the serial arm resonator and the 
juxtaposition arm resonator. It is the surface acoustic wave filter with which the 
ladder mold circuit is constituted by it. Two or more arrangement of said serial 
arm resonator is carried out. Said at least two serial arm resonators It has 
INTADEJITARUTORANSUDEYUSA to which decussation width-of-face 
weighting was given. So that said decussation width-of-face weighting may be 
given to 80% or more of the number of the electrode finger of 
INTADEJITARUTORANSUDEYUSA and the frequency locations of the ripple 
produced by said two or more serial arm resonators may differ mutually The ratio 
of the max of decussation width of face and the minimum value in at least one 
serial arm resonator to which weighting was given is characterized by differing 
from the ratio of the maximum of decussation width of face and the minimum 
value in other serial arm resonators to which weighting was given. 
[0025] At the specific aspect of affairs of the 2nd and the 3rd invention, they are 
the serial arm resonators Si and Sj about two serial arm resonators of arbitration 
among two or more serial arm resonators. When it carries out, they are each 
serial arm resonators Si and Sj. They are xi and xj about the ratio of the 
maximum of decussation width of face and the minimum value which can be set, 
respectively. When it carries out Decussation width-of-face ratio xi Decussation 



width-of-face ratio xj Serial arm resonators Si and Sj from which absolute value 
deltaij=|xi-xj | of a difference becomes values other than zero It is constituted so 
that it may exist. 

[0026] Serial arm resonators Si and Sj from which absolute value delta2 ij of the 
difference of the above-mentioned decussation width-of-face ratio becomes 0.1 
or more on the more restrictive aspect of affairs of the 2nd and the 3rd invention 
Serial arm resonators Si and Sj from which it exists and deltaij becomes 0.2 or 
more on a still more restrictive aspect of affairs It is constituted so that it may 
exist. 

[0027] According to another aspect of affairs of this invention, the stable common 
machine using the surface acoustic wave filter concerning above-mentioned this 
invention is offered. On other specific aspects of affairs of this invention, the 
transmitter equipped with the antenna common machine concerning this 
invention is offered further. 
[0028] 

[Embodiment of the Invention] With reference to drawing 1 , the relation between 
weighting by the APODAIZU method in this invention and the ripple generated in 
a passband is explained. Drawing 1 is the schematic-drawing-top view showing 
the electrode structure of the 1 terminal-pair surface acoustic wave resonator 
used with the surface acoustic wave filter of 1 operation gestalt of this invention. 
The 1 terminal-pair surface acoustic wave resonator 1 shown in drawing 1 has 
the grating reflectors 3 and 4 arranged at the surface wave propagation direction 
both sides of IDT2 and IDT2 arranged in the center of the surface wave 
propagation direction. In IDT2, decussation width-of-face weighting is given like 
illustration, in this case, the ratio to the maximum b of the decussation width of 
face of the minimum value a of decussation width of face - by changing x=a/b 
showed that the frequency of a ripple might be changed freely. In addition, with 
this ripple, it is equivalent to what is indicated to be the ripple of another higher 
mode which generates weighting near a passband center at a ******** case on 
80% or more of the electrode finger of IDT of the serial arm resonator in JP,9- 



246911, A. 

[0029] The electrode structure of an one terminal pair each surface acoustic 
wave resonator in case the above-mentioned ratios x are 0, 0.5, and 1 is typically 
shown in drawing 2 - drawing 4 . Moreover, drawing 5 shows change of the 
frequency in which the above-mentioned ripple appears, when changing Ratio x 
variously as mentioned above, frequency f2 into which, as for frequency deltaf/fO 
(however, fO is center frequency, set to 942.5MHz here, fixed fO, and changed 
deltaf/fO.) of the axis of ordinate of drawing 5 , a ripple goes Antiresonant 
frequency f1 of the surface acoustic wave resonator 1 from - it is shown whether 
it is how much separated. That is, it is deltaf=|f2-f1 |. In addition, in drawing 5 , 
when changing the ratio x of drawing 5 so that the capacity of IDT may become 
fixed even if it is the case where Ratio x is changed, it carried out as the 
maximum decussation width of face b was shown in drawing 6 . 
[0030] Moreover, the used piezo-electric substrate is 42-degreeY-X. LiTa03 It is 
a substrate and carried out to thickness (value standardized on wavelength 
lambda of surface wave) h/lambda =9.6% of IDT. By changing Ratio x shows that 
the frequency location of a ripple moves so that clearly from drawing 5 . That is, 
deltaf becomes large as Ratio x becomes small, and a ripple moves to a high 
region side. 

[0031] On the other hand, with the surface acoustic wave filter which has ladder 
mold circuitry, the desired filter shape is obtained by combining two or more 1 
terminal-pair surface acoustic wave resonators. Therefore, by changing the 
above-mentioned ratio x in an one terminal pair each surface acoustic wave 
resonator, the location of the above-mentioned ripple can be distributed and the 
minimum value of the insertion loss in a passband and the so-called peak loss 
can be enlarged by it. Consequently, if the display flatness of the insertion loss in 
a passband can be improved and it puts in another way, dispersion in the 
insertion loss in a passband can be reduced. 

[0032] By the way, generally the higher mode is generated in a high region side 
rather than the resonance frequency of a basic mode in many cases. However, 



rotation Y cut LiTa03 It is known for the resonator using a SH type surface wave 
using the substrate by generating the higher mode in a low-pass side rather than 
the resonance frequency of a basic mode, and expanding the decussation width 
of face in IDT that the frequency of the above-mentioned higher mode will 
become high (the Acoustical Society of Japan lecture collected works, June, 
Showa 54, p.77, 3-1-1). 

[0033] However, according to the experiment of an invention-in-this-application 
person, it turned out that frequency spacing deltaf equivalent to the location of 
the above-mentioned ripple becomes large, namely, a spurious frequency 
location becomes low as the electrode finger decussation width of face in IDT 
became large. Therefore, it is thought that above-mentioned spurious one is what 
does not depend on the higher mode and is depended on SSBW. 
[0034] The frequency of the ripple by SSBW which poses a problem is 
controllable by changing the value of the decussation width-of-face ratio x, as 
mentioned above. Since the configuration of IDT also changes by changing the 
decussation width-of-face ratio x, it becomes controllable [ the frequency location 
of a ripple ] with the configuration of weighting. 

[0035] This invention uses changing the frequency location of the ripple which 
appears in the passband of a surface acoustic wave resonator by weighting by 
the APODAIZU method as mentioned above. That is, in the surface acoustic 
wave filter which has ladder mold circuitry, decussation width-of-face weighting is 
given to at least two serial arm resonators, decussation width-of-face weighting in 
at least one serial arm resonator constitutes so that it may differ from 
decussation width-of-face weighting of other serial arm resonators, the 
generating location of a ripple is distributed by it, and it has the description to 
have reduced dispersion in the loss in a passband. 
[0036] 

[Example] This invention is clarified by explaining the concrete example of this 
invention hereafter. 

[0037] Drawing 7 (a) and (b) are drawings and the schematic-drawing-top views 



showing the circuitry of the surface acoustic wave filter concerning one example 
of this invention. With the surface acoustic wave filter 1 1 of this example, the 
rectangle tabular piezo-electric substrate 12 is used. This piezo-electric substrate 
12 is the 42 degreeY cut X propagation LiTa03. It consists of a substrate. In 
addition, as a piezo-electric substrate 12, it is the 42 degreeY cut X propagation 
LiTa03. Piezo-electric substrates other than a substrate may be used. 
[0038] In this example, two serial arm resonators S1 and S2 and three 
juxtaposition arm resonators P1-P3 are formed on the piezo-electric substrate 12. 
Each resonators S1, S2, P1-P3 are all constituted by the 1 terminal-pair surface 
acoustic wave resonator as shown in drawing 1 . 

[0039] Moreover, electrode pad 13a is connected to the serial arm resonator S1 
and the juxtaposition arm resonator P1 by the wiring electrode in drawing 7 (b). 
In the side connected with electrode pad 13a of the serial arm resonator S1 , the 
edge of the opposite side is connected to the serial arm resonator S2 and the 
juxtaposition arm resonator P2 by the wiring electrode. Furthermore, the edge of 
the opposite side is connected to electrode pad 13b and the juxtaposition arm 
resonator P3 by the side connected with the serial arm resonator S1 of the serial 
arm resonator S2. Between electrode pad 13a and 13b, the above-mentioned 
serial arm resonators S1 and S2 are connected to the serial. In addition, the 
edge of the opposite side is connected with the side connected to the above- 
mentioned serial arm of the juxtaposition arm resonators P1-P3 at ground 
potential. 

[0040] In addition, each resonators S1, S2, P1-P3, the electrode pads 13a and 
13b, and wiring electrode which are formed on the above-mentioned piezo- 
electric substrate 12 are formed of aluminum. But these electrodes may be 
formed with other metals, such as metals other than aluminum, for example, 
aluminum content alloy, copper, Ti, and those multilayer structure. 
[0041] The description of this example is to carry out weighting of the IDT of two 
serial arm resonators S1 and S2 by the APODAIZU method as shown in drawing 
1 - drawing 4 , and for the decussation width-of-face ratio x in the serial arm 



resonator S1 mentioned above differ from the decussation width-of-face ratio x of 
the serial arm resonator S2. 

[0042] In this example, the decussation width-of-face ratio x of the serial arm 
resonator S1 is 0.1 , and the decussation width-of-face ratio x of the serial arm 
resonator S2 is set to 0.6. In addition, other specifications of each resonator are 
as follows. 

[0043] That is, the electrode finger maximum decussation width of face of the 
serial arm resonator S1 is [ the number of 1 13 pairs and the electrode finger of a 
reflector of the logarithm of 58 micrometers and an electrode finger ] 30. The 
electrode finger maximum decussation width of face of IDT in the serial arm 
resonator S2 is [ the number of 1 13 pairs and the electrode finger of a reflector of 
the logarithm of 40 micrometers and an electrode finger ] 20. 
[0044] In addition, if decussation width of face is ** as mentioned above in the 
serial arm resonators S1 and S2, it is carried out for adjusting the capacity of IDT. 
The electrode finger decussation width of face of the juxtaposition arm 
resonators P1 and P3 is [ the number of 50 pairs and the electrode finger of a 
reflector of the logarithm of 78 micrometers and an electrode finger ] 20, and the 
electrode finger decussation width of face of IDT in the juxtaposition arm 
resonator P2 is [ the number of 120 pairs and the electrode finger of a reflector of 
the logarithm of 113 micrometers and an electrode finger ] 20. 
[0045] Drawing 8 shows the transmission characteristic of the serial arm 
resonator S1 , and drawing 9 shows the transmission characteristic of the serial 
arm resonator S2. In addition, the property shown with the broken line of the 
lower part in drawing 8 R> 8 and drawing 9 is a property which expanded and 
showed the insertion loss on the scale shown in the right-hand side of an axis of 
ordinate. 

[0046] As shown in drawing 8 , in the transmission characteristic of the serial arm 
resonator S1, the ripple has occurred in the location shown by the arrow head P, 
and the ripple has occurred in the location it is indicated by the transmission 
characteristic of the serial arm resonator S2 that is clear from drawing 9 by the 



arrow head Q. To the location shown by the arrow head P being about 900MHz, 
the frequency location shown by the arrow head Q is about 910MHz, and the 
frequency locations of a ripple differ by the serial arm resonators S1 and S2. 
[0047] A continuous line shows the filter shape of the surface acoustic wave filter 
of this example to drawing 10 . In addition, a broken line shows the filter shape of 
the surface acoustic wave filter prepared for the comparison. If the filter prepared 
for this comparison removes making the decussation width-of-face ratio x of the 
serial arm resonators S1 and S2 into the same value, x= 0.6 [ i.e., ], it is a 
surface acoustic wave filter constituted like the example. 
[0048] Since the frequency location of the above-mentioned ripple is distributed, 
with the surface acoustic wave filter of the example which changed weighting in a 
serial arm resonator, the display flatness of the insertion loss in a passband is 
raised, so that clearly from drawing 10 . Moreover, it turns out that the loss by the 
side of the RF in a band is improved, and 3dB bandwidth is also further made 
large about 10%. In addition, it turns out that the steepness of the filter shape by 
the side of the high region of a passband is also raised. 
[0049] Although the above-mentioned example explained per [ which has two 
serial arm resonators and three juxtaposition arm resonators ] surface acoustic 
wave filter, in the surface acoustic wave filter concerning this invention, about the 
number of serial arm resonators, it can consider as the number of two or more 
arbitration, and is not limited especially about the number of juxtaposition arm 
resonators, either. 

[0050] Moreover, in this invention, since the frequency location of the ripple 
generated in a passband as mentioned above is distributed as long as 
decussation width-of-face weighting in at least one serial arm resonator of two or 
more serial arm resonators differs from decussation width-of-face weighting of 
other serial arm resonators, decussation width-of-face weighting makes it differ, 
and it is not especially limited about a way. That is, as long as the frequency 
location of the ripple in the passband produced by two or more serial arm 
resonators is distributed, decussation width-of-face weighting makes it differ, and 



it is not limited especially about a way. 

[0051] Moreover, as long as the ratio of the maximum of decussation width of 
face and the minimum value differs from the serial arm resonator to which other 
weighting was given in the serial arm resonator to which at least one weighting 
was given as the frequency locations of the ripple produced by two or more serial 
arm resonators differ mutually so that clearly also from the above-mentioned 
example, the above-mentioned decussation width-of-face ratio makes it differ, 
and it is not limited especially about a way, either. 

[0052] Next, the example of the antenna common machine constituted using the 
surface acoustic wave filter concerning this invention is explained with reference 
to drawing 1 1 . Drawing 1 1 1 is a circuit diagram for explaining the antenna 
common machine of this example. Although the ladder mold surface acoustic 
wave filter and number of stages which showed the antenna common machine 
70 of this example to drawing 7 differ from each other, the same ladder mold filter 
61 is used one pair. That is, common connection of the input terminals 62 and 62 
of each ladder mold filter 61 is made, and the 1st port 71 is constituted. On the 
other hand, the output terminals 63 and 63 of each ladder mold filters 61 and 61 
are used as they are, and constitute the 2nd and 3rd port of the antenna common 
machine of this example, respectively. Moreover, impedance-matching 
components, such as a coil, a capacitor, and a microstrip line, may be inserted 
between each ladder mold filter 61 and an input terminal 62. 
[0053] Thus, an antenna common machine can be constituted by using the 
ladder mold filters 61 and 61 of a pair. Moreover, using the above-mentioned 
antenna common machine, a transmitter can be constituted and an example of 
such a transmitter is shown in drawing 12 . 

[0054] In the transmitter 81 of this example, it has the antenna common machine 
70, and transmission or receiving circuits 82 and 83. The 1st port 71 of the 
antenna common machine 70 is connected to the antenna 84, and the output 
terminals 63 and 63 which constitute the 2nd and 3rd port are connected to 
transmission or receiving circuits 82 and 83, respectively. 



[0055] In this antenna common machine 70, the ladder mold filters 61 and 61 of a 
pair are constituted so that passbands may differ, and an antenna 84 may be 
used by it as a transmitting antenna and a receiving antenna. 
[0056] Drawing 13 and drawing 14 are the circuit diagrams and schematic- 
drawing-top views showing the circuitry of the surface acoustic wave filter 
concerning other examples of this invention. The surface acoustic wave filter 101 
of this example is a ladder mold filter of a 2GHz band. 
[0057] With the surface acoustic wave filter 101 , the rectangle tabular piezo- 
electric substrate 102 is used. The piezo-electric substrate 102 consists of the 
same ingredients as the piezo-electric substrate 12 of the 1st example. 
[0058] In this example, four serial arm resonators S1 - S4, and three juxtaposition 
arm resonators P1-P3 are formed on the piezo-electric substrate 102. Each of 
each resonators S1 - S4, and P1-P3 is constituted by the 1 terminal-pair surface 
acoustic wave resonator as shown in drawing 1 . Moreover, electrode pad 103a 
is connected to the serial arm resonator S1 and the juxtaposition arm resonator 
P1 by the wiring electrode in drawing 14 . The edge of the opposite side is 
connected to the serial arm resonator S2 by the wiring electrode the side 
connected with electrode pad 103a of the serial arm resonator S1. The edge of 
the opposite side is connected to the serial arm resonator S3 and the 
juxtaposition arm resonator P2 through the wiring electrode the side connected 
with the serial arm resonator S1 of the serial arm resonator S2. Furthermore, the 
edge of the opposite side is connected to serial arm resonator S4 by the wiring 
electrode the side connected with the serial arm resonator S2 of the serial arm 
resonator S3. The edge of the opposite side is connected to electrode pad 103b 
and the juxtaposition arm resonator P3 by the wiring electrode the side 
connected with the serial arm resonator S3 of serial arm resonator S4. 
[0059] Between electrode pad 103a and 103b constitutes the serial arm, and the 
above-mentioned serial arm resonator S1 - S4 are mutually connected to the 
serial in this serial arm. In addition, each edge of a side and the opposite side 
connected to the above-mentioned serial arm of the juxtaposition arm resonators 



P1-P3 is connected to ground potential. 

[0060] Each resonator S1 currently formed on the piezo-electric substrate 102 - 
S4, P1-P3, the electrode pads 103a and 103b, and a wiring electrode are 
constituted by aluminum. But these electrodes may be formed with other metals 

i 

and alloys, such as aluminum content alloy, and copper, Ti, and the laminating of 
two or more pieces of a metal may be carried out. 

[0061] The description of this example is to carry out weighting of the IDT of four 
serial arm resonators S1 - S4 by the APODAIZU method as shown in drawing 1 - 
drawing 4 , and carry out the decussation width-of-face ratios xs1, xs2, xs3, and 
xs4 to 0.3, 0.4, and 0.6 and 0.7, respectively. 

[0062] That is, if the serial arm resonator S1 is taken for an example, for example, 
when weighting of the serial arm resonator S1 is carried out by the APODAIZU 
method, you set maximum of the decussation width of face in IDT of the serial 
arm resonator S1 to a and you set the minimum value to b, the decussation 
width-of-face ratio xs 1 serves as a/b, and let it be this decussation width-of-face 
ratio xs 1= 0.3. 

[0063] In addition, the specification of each resonator S1 - S4, and P1-P3 is as 
follows. That is, the electrode finger decussation width of face of IDT in the serial 
arm resonator S1 is [ the number of 106 pairs and the electrode finger of a 
reflector of the logarithm of 61.5 micrometers and an electrode finger ] 28. The 
electrode finger maximum decussation width of face of IDT in the serial arm 
resonator S2 is [ the number of 106 pairs and the electrode finger of a reflector of 
the logarithm of 57.1 micrometers and an electrode finger] 28. The electrode 
finger maximum decussation width of face of IDT in the serial arm resonator S3 
is [ the number of 103 pairs and the electrode finger of a reflector of the logarithm 
of 51.2 micrometers and an electrode finger ] 28. The electrode finger maximum 
decussation width of face of IDT in serial arm resonator S4 is [ the number of 103 
pairs and the electrode finger of a reflector of the logarithm of 48.2 micrometers 
and an electrode finger ] 28. 

[0064] In addition, if decussation width of face is ** as mentioned above in the 



serial arm resonators S1, S2, and S3 and S4, it is carried out for adjusting the 
capacity of IDT. The electrode finger decussation width of face of the 
juxtaposition arm resonators P1 and P3 is [ the number of 42 pairs and the 
electrode finger of a reflector of the logarithm of 39 micrometers and an electrode 
finger ] 40, and the electrode finger decussation width of face of IDT in the 
juxtaposition arm resonator P2 is [ the number of 109 pairs and the electrode 
finger of a reflector of the logarithm of 59 micrometers and an electrode finger ] 
50. 

[0065] A continuous line shows the filter shape of the surface acoustic wave filter 
of this example to drawing 15 . In addition, a broken line shows the filter shape of 
the conventional surface acoustic wave filter prepared for the comparison. If the 
filter prepared for this comparison removes making the serial arm resonators S1, 
S2, and S3 and the decussation width-of-face ratio x of S4 into the same value, 
x= 0.7 [ i.e., ], it is a surface acoustic wave filter constituted like the example. 
[0066] Since the frequency location of the above-mentioned ripple is distributed, 
with the surface acoustic wave filter of the example which changed weighting in a 
serial arm resonator, the display flatness of the insertion loss in a passband is 
raised, as shown in drawing 14 . Moreover, it turns out that the loss by the side of 
the RF in a band is improved, and the steepness of the filter shape by the side of 
the high region of a passband is also raised. 

[0067] In the surface acoustic wave filter applied to this invention so that clearly 
from the example explained with reference to drawing 13 and drawing 14 They 
are Si and Sj about two serial arm resonators, the arbitration among two or more 
serial arm resonators S1 - S4. It carries out and they are xi and xj about each 
decussation width-of-face ratio. When it carries out Decussation width-of-face 
ratio xi Decussation width-of-face ratio xj Serial arm resonators Si and Sj from 
which absolute value deltaij of a difference serves as values other than zero By 
constituting so that it may exist, the deflection in a passband can be reduced 
further. That is, in the property shown in drawing 15 with the broken line, 
absolute value deltaij of the difference of the above-mentioned decussation 



width-of-face ratio is 0, and dispersion in the loss in a passband cannot be 
reduced. On the other hand, serial arm resonators Si and Sj from which deltaij 
serves as values other than zero in the example shown in drawing 13 and 
drawing 14 Since it exists, flattening of the frequency characteristics in a 
passband can be attained. 

[0068] As the continuous line showed to drawing 15 especially, since the serial 
arm resonator group S1 from which deltaij becomes 0.1 or more, for example, a 
serial arm resonator, the serial arm resonator S2 and the serial arm resonator S2, 
the serial arm resonator S3 and the serial arm resonator S3, serial arm resonator 
S4, etc. exist, flattening in a passband can be attained by this example. 
[0069] In addition, the delta frequency of the frequency of the minimum point of a 
ripple and the frequency of the maximum point which are shown by the arrow 
head P like [ it is ****** and ] from drawing 8 is 2.47MHz on the left-hand side of 
the minimum point, and, on the right-hand side, is about 3.3MHz. Therefore, by 
shifting about 2.47MHz of frequencies of Ripple P shows that the minimum point 
and the maximum point lap and two ripples are offset. 

[0070] On the other hand, when 0.1 ****s of the decussation width-of-face ratios x 
of the axis of abscissa of drawing 5 are carried out so that clearly from drawing 5 , 
it is deltaf/fO of an axis of ordinate. Change is about 0.00125. Therefore, it will be 
set to 0.001 25xf0 =0.00125x942.5=1 .18 (MHz) by the amount of [ of a ripple ] 
frequency change if it converts into a frequency. That is, in order to shift about 
2.47MHz of frequencies of a ripple, decussation width of face is known by that 
what is necessary is 2.47 / just to make it change 1.18= 2.09 times. In other 
words, the minimum point and the maximum point of a ripple can be piled up by 
setting absolute value deltaij of the difference of a decussation width-of-face ratio 
to 0.2. Therefore, two serial arm resonators Si and Sj from which absolute value 
deltaij of a decussation width-of-face ratio becomes 0.2 or more If it constitutes 
so that it may exist, much more flattening of the frequency characteristics in a 
passband can be attained. 

[0071] But it may not be effective to not necessarily pile up the minimum point 



and the maximum point of a ripple on the occasion of flattening of the frequency 
characteristics in a passband. Therefore, two serial arm resonators Si and Sj of 
the arbitration whose absolute value deltaij of the difference of the above- 
mentioned decussation width-of-face ratio is 0.1 or more when this is taken into 
consideration If it is constituted so that it may exist, flattening of the frequency 
characteristics in a passband can be attained according to this invention. 
[0072] 

[Effect of the Invention] With the surface acoustic wave filter concerning the 1st 
invention, at least two serial arm resonators have IDT to which decussation 
width-of-face weighting was given. Since decussation width-of-face weighting in 
at least one serial arm resonator differs from decussation width-of-face weighting 
of other serial arm resonators The frequency location of the ripple which appears 
oh the transmission characteristic of at least one serial arm resonator by which 
decussation width-of-face weighting was given differs from the frequency location 
of the ripple which appears on the transmission characteristic of the serial arm 
resonator to which other decussation width-of-face weighting was given. That is, 
since the frequency location of the ripple produced by two or more serial arm' 
resonators is distributed, in the filter shape of a ladder mold surface acoustic 
wave filter, dispersion in the insertion loss in a passband is reduced, and the 
surface smoothness in a passband is raised. 

[0073] In order to use positively the ripple which has the description to have 
distributed the frequency location of the ripple produced by two or more above 
serial arm resonators in the 1st invention, and appears in the transmission 
characteristic of a serial arm resonator, With the surface acoustic wave filter 
concerning the 1st and 2nd invention, this decussation width-of-face weighting 
may be given to 80% or more of the number of the electrode finger of IDT in the 
serial arm resonator to which decussation width-of-face weighting was given. 
[0074] With the surface acoustic wave filter concerning the 2nd invention, at least 
two serial arm resonators In the serial arm resonator to which it has IDT to which 
decussation width-of-face weighting was given, this weighting is given to to 80% 



or more of the number of the electrode finger of IDT, and at least one weighting 
was given for the ratio of the maximum of decussation width of face, and the 
minimum value Since it differs from the serial arm resonator to which other 
weighting was given, even if there is none of these **, the frequency location of 
the ripple which appears on the transmission characteristic of one serial arm 
resonator and other serial arm resonators is distributed. Therefore, the surface 
smoothness of the insertion loss in a passband can be raised like the surface 
acoustic wave filter concerning the 1st and 2nd invention. 
[0075] With the surface acoustic wave filter concerning the 3rd invention, at least 
two serial arm resonators Since it is constituted so that the frequency locations of 
the ripple which it has IDT to which decussation width-of-face weighting was 
given, is given to 80% or more whose decussation width-of-face weighting is the 
number of the electrode finger of IDT, and is produced by two or more serial arm 
resonators may differ mutually The surface smoothness in a passband can be 
raised like the surface acoustic wave filter of the 2nd invention. 
[0076] It sets to the 2nd and 3rd invention, and they are xi and xj in two serial 
arm resonators of arbitration about the above-mentioned decussation width-of- 
face ratio of Si, Sj, and a serial arm resonator. When it carries out decussation 
width-of-face ratio xi carrying out to 0.1 or more preferably by making the 
absolute value of a difference with the decussation width-of-face ratio xj into 
values other than zero — or by carrying out to 0.2 or more, deflection of loss of a 
passband can be made small and the surface smoothness of the property in a 
passband can be measured. 

[0077] Since the antenna common machine concerning this invention is 
constituted using the surface acoustic wave filter concerning this invention, it can 
constitute the antenna common machine with which this invention was followed 
and the surface smoothness of the insertion loss in a passband was raised. 
[0078] Similarly, in the transmitter concerning this invention, since it is constituted 
using the antenna common machine concerning this invention, the transmitter 



with which the surface smoothness of the insertion loss in a passband was raised 
can be offered. 
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[Brief Description of the Drawings] 

[Drawing 1] The top view showing the electrode structure of an example of a 1 
terminal-pair surface acoustic wave resonator where decussation width-of-face 
weighting used with the surface acoustic wave filter of this invention was given. 
[Drawing 2] The top view showing the electrode structure of other examples of a 
1 terminal-pair surface acoustic wave resonator where decussation width-of-face 
weighting used with the surface acoustic wave filter of this invention was given. 
[Drawing 3] The top view showing the electrode structure of the example of 
further others of a 1 terminal-pair surface acoustic wave resonator where 
decussation width-of-face weighting used with the surface acoustic wave filter of 
this invention was given. 

[Drawing 4] The top view showing the electrode structure of other examples of a 
1 terminal-pair surface acoustic wave resonator where decussation width-of-face 
weighting used with the surface acoustic wave filter of this invention was given. 



[Drawing 5] Drawing showing the relation between the decussation width-of-face 
ratio x in the surface acoustic wave resonator constituted according to this 
invention, and the frequency in which a ripple appears. 
[Drawing 6] Drawing showing relation with decussation width of face with the 
decussation width-of-face ratio x in the surface acoustic wave resonator 
constituted according to this invention. 

[Drawing 7] (a) And (b) is drawing showing the circuitry of the surface acoustic 
wave filter concerning one example of this invention, and the schematic-drawing- 
top view of this surface acoustic wave filter. 

[Drawing 8] Drawing showing the transmission characteristic of the serial arm 
resonator S1 of the surface acoustic wave filter of the example shown in drawing 
7 . 

[Drawing 9] Drawing showing the transmission characteristic of the serial arm 
resonator S2 used in the example shown in drawing 7 . 

[Drawing 10] Drawing showing the filter shape of the surface acoustic wave filter 
prepared for the example shown in drawing 7 , and the comparison. 
[Drawing 11] The circuit diagram showing an example of the antenna common 
machine of this invention. 

[Drawing 12] The outline block diagram for explaining an example of the 
transmitter concerning this invention. 

[Drawing 13] Drawing showing the circuitry of the surface acoustic wave filter 
concerning other examples of this invention. 

[Drawing 14] The schematic-drawing-top view of the surface acoustic wave filter 
of the example shown in drawing 13 . 

[Drawing 15] Drawing showing the filter shape of the surface acoustic wave filter 
prepared for the filter shape of the surface acoustic wave filter of the example 
shown in drawing 13 and drawing 14 , and the comparison. 
[Drawing 16] Drawing showing the fundamental circuitry of the surface acoustic 
wave filter which has conventional ladder mold circuitry. 

[Drawing 17] Drawing showing an example of the filter shape of the conventional 



! 



surface acoustic wave filter. 
[Description of Notations] 

1 - 1 terminal-pair surface acoustic wave resonator 

2 - IDT 

3 4 - Reflector 

1 1 - Surface acoustic wave filter 

12 - Piezo-electric substrate 
13a, 13b - Electrode pad 

101 - Surface acoustic wave filter 

102 - Piezo-electric substrate 
103a, 103b - Electrode pad 
S1 - S4 - Serial arm resonator 
P1-P3 - Juxtaposition arm resonator 



[Translation done.] 
* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

LThis document has been translated by computer. So the translation may not 

reflect the original precisely. 

2.**** shows the word which can not be translated. 

3. In the drawings, any words are not translated. 
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[Translation done.] 



